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fh© object of this thesis is three-fold; flr.-i, to or. sent a 
paper la wteich a correlation h s been asad© of the existing theories 
cod 0 #i(»n ferula# pertinent, to tho subject of pro stressed concrete; 
second, to -yply thee© ©rrtottnj theories to the lesigc of a p*rti<ralsr 
structure arid third, to eerpara b <o structure so i‘ signed to a 
eisilsr structure uetn*: conventional rcir4*orc©d concrete cL sljR 
proctjnduro#. 

in the accossroliaiancnt of these objectives the «*tnor# hav© --*de 
no attsnpt to pnsont original theories in th© privation of th© 
design formula©* 



<S.)I 



ACKTrc»'I£Da^.r,I-3T 



The authors wish to express their appreciation to Associate 
Professor Joseph S. Kinney of the Department of Civil Engineering 
for his guidance in the selection of this subject and for his 
suggestions which aided the authors in reaching a conclusion. 





































«VM» 




nt?; 0WC7 km 



She development Of the theory of prostreei'lw varies* ooacrete 
structures is no* entirely new* nor In vh« application of vfto theory 
to actual construction unkrto-n by :«v reaua* F or certain structures 
cash »» circular prosauro vessel* this type of co ;structicu la wirio- 
ly uso • For otftar atruotur.il r.anbers, a specially straight line goes- 
pernnta* the* application 1* asrch no#e United at the pro sent time* 

She m these fool that the adventures to lie s rained by u®ing preatrosa-* 
lag in dll typos of o on* trust l on will eventually bscorae isoro ridaly 
knor.r.» anu hence the process will find evezwlnereftslug application* 

She objective of prestrosslng concrete construction is to 
eliminate concrete tensile stresses under deelcn load conditions* 
thla enables i.io do s inner to utilise laa higher corprosoivo stresses 
of jsDuara con crate end tee hi *h tensile properties of cold drnKh 
etoel wlm* 

In general, the establishment of preetrassiag is acaacplished 
by tensioning the steel reinforce -ent before tiwi lood is applied, 
the stretching force be in,; tmrur&itted to the ooe icreto m a ccs>* 
pmsaiv® force after t. e concrete has attained sufficient strength to 
take t fee stresses thus applied# In this snensr, stresses of opposite 
*l;cx to those eesurine under load are Irapartad to the structure* 

One of the first proposals to uoe prostresalag: was ad a by 
Jackson in lodG, She suthed ou.;.'ostod was that of s t roar th*n Jut" tho 
structure by tightening the reinforce. ant to a da re s not dot ruinate* 
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Efes idoo was a a triad fnrthar lay .nadl rho «sst;.uli^fc«d u l hell ta ih* 
conowU* t mails a irons and to irio re dual Ion *n eras . in ;• In ..la 
wo xk ha did act# hotsoirar* consider loasa» of Ilia Initial pruatroas and 
tmnam Urn oouatoiraatlcw dns to airmailing tits rolnfoitJoasont was only 
partially effaotlaa* fcatar won c la this field i»y Dili* 

Freyssirwt# cM othetsa arrtrad. at a. proooso wheraky full pras trancing 
was uUllsta* oil possible loan®* being consider?*! and crackles an® 83 
boing gaaraataad duo to tn# absence of an/ tmails atrasnea la iha 
concrete under load* 

Efee seat raoaut war-s la goraatrwasing «la® at raflut'o t« to t&a 
oarly fregosltlena* various swaaa ham homi adwanaatf to aefttavs tbs 
desired fi*gm rf groat ratal ng and tit* sgglie alien of tea process tea 
been a&i»<t«l»d* 

la grariral* two »# tirade of apply in.;: the Initial graairaas ara 
usadf g ra~s tratafa to': «sd pest-sire toiling* The i^iw indicate whether 
tha toBSicnlni* l® carried cat iaforo or after terdmUir af the oco- 
o«»t«* with iNro-atratohhig* tha aoncrota regains In Wse aeld. until 
the at notch irf; can be trapsed t tad to the ooaarovo By howl* At tiio 
on tact tea icasilo force In tha stool is taftan at tha ontls of the 
aoM ty spools! anchorages which ar» safest $a*nUy raiwrrad* 

.Poat-atrotohing; la applied vha« tha Generate tea hardened# In 
tills ttaiw goaRsauant anafccrages at to onda of mo structaxo trcnaalt 
tha aoaprossien to tha o awe rota* tore fealnr no bend batman tho eon- 



crate and the steal* 



Jith t t'o rjlo>.o cf %ti stretchier force to 

iita ooasww, tin Ini till jyrestress la immediately rniueod due to the 
elastic deformation of tie eaatreie aid to uhrLn)o-o.t, which l»»3«a 
aro ineraasod gradually by farther ahrin&vo and by plastic flow of 
tto eaten®*®* ~ith poet-stretfthins tha lessee duo to elastic deforma- 
tion and to the initial a., ytaJc*»?',j hr® «li»im*U, te.ua the uee of co.— 
vonticsial steal is satisfactory* 

In the dee in* of pres traced • true tares in* watum of the strac- 
tur® will determine which of the various system* of gresmeslag can 
bo as id no* t adven tegec . sly and whioh typos of material* are boat 
suited, to Wio job. it must bo decided whether full or partial p re- 
ft tie* sing vrlll b® need, based. on the characteristics imparted by these 

tW# SKJthO&»* 

In full presumes tae the stvetablag fore® is of such ae^jiittiAe 
that no tansile stress occurs under writing Id** «ad tana orac&tass- 
n*e# of the cone rata is pnaraRteed* Tils latter futility is* of aeurm, 
highly desirable lit prassura vessels such as pipe® and tahfcs um ier 
P»jbsux\j* Duo to the feat that the concrete cm be prevented frost 
Omsk lag the sections of concrete cm be treated r*e & honoganous ma- 
terial md '.he deeloi is not, thsmt&iw, baaad on the bracked $®c slon* 
as is tiie case la ttoo cmvonUetisl deslm* This* absence of creeks »sd 
absence of tmslle stresses in the coast* te also increases the sb'*cr 
raeietem.ee of the Conors to* in certain caoos it ullovs the economical 
use of idfh strength steel* Tno strata of the e true turn at the relsese 
of sesspnsssie* to toe coster* te is greater then under worhinr load. 
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wnloh avocasitatea a nLgh <s>riy o ngrosetY* stron t., and voich >y cmae 
inconvenience for tr nsmortin.* and j&xUtnj -irocasi products* since my 
additional strain has to h» avo lam* 

In eases where aastanoo of srastks is nos nocasKary as In be^ms, for 
•*cajlat partial ;aw stressing si%- m mr» cdvanta./ious* In Ibis e&ee a 
sssttler stretchiof: foroo is r^ulrad sal i« applied to only part of ihs 
total reihforeesamt* CMs has m offset cm the eccaK&y ovur full pre- 
stress ls$ because of the redastls* to fabrication costs and b«c&u>'Q (t 
the f raster ease of M*»«31iag{ precast products* ay contrail it* the degree 
of initial prastmss the etroin unbar load (deflection in the 

case of beans) oca W® controlled so as to obtain ny decree of do flec- 
tion between tis» iisita of the lsjge 4efor-<atfaas and heavy crBOStinr of 
the non-prestrcscod etrcotant and the extrwaely snail deformation mhI 
Sbsonoa of cracks in W*a fully prestrosaed structure* 

in the cle»i :« tee locoes of tha initial g css tress wsU«ori $ro~ 
vioujsly asset ha considered In order tluit the final ooupxesslvo stress 
in U« mnamlu prior to leading ssy bo Held within tfeo Units doslrad* 
these leases mm ceegsated smA sllswsnee s«d« for then in the particular 
case at hawd by inereasinr the Initial pros trees in the stool* 
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ffc« application of proeirocslr.': to particular etreo turos ill now 
ba considered* Siaaa proistraesijv ii 'tost a&Timt%*eo«tsly used in pres- 
surs vessels# this typo of stress bur* will ho C r saluorsA first# 
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2m»a»ti«*i«l r« infer*#! eoncr#te plpas hv«?o bean used In water 
supply lines for away years within the liiaitaticn* of intera&l pressures 
aad external loading*! bat sritfe tfc* ooaparetlvfly roe* t&t davelopiMKt of 
wire wound prsutojssed none rate pip# grw&tar tntorc&l presses »s turn bo 
carried auu greater resistance to a* carnal loading affoniotU 



'fho wire wound pre*tr»s*** concrete prwesur* pipe Ms iMivmta^es 
of aconm^ of stool amt quality of orncret* to satisfy eagirwerlag d*~ 
sli-ns for high pressure hands# Tito aeonitud* of in to mol prosauro r©~ 
p»liinK frost ijydroa tails head end osteins! loadings# to bo resisted by 
tfea pips will govern tit* design for quantity of stool airs ana tl» 
of yrostress jaaoss«^vy to use la id <3 wrapping# 



liefer to Figaro 5| 

f a stress In the stool# p.a*l. 

f*g a trass in the stool dan to internal proesur # p*s«l# 
fo stress in the concrete# p*e#l# 

P Q redact ica in 0 oners to presirsaa# p*»#l# 

* a as* a of stool# square lneJaes* 

.„ 0 area of doners is, square laches* 
r in tarn si radius of pipo# indies# 
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wall or mell ihlcicneaa, Inches 



i? intsrosl prosauro, p*#.i* 

& 9 modulus c.f ol&stloity of staol* p.s.l* 

E modulus of elasticity of cone:***, 
c 

n s/V 

da form linn iu steel, ine-ie* y »r Inca. 
d Q deforms i ion in c Micro to* Inch as t-or Inch* 

1. hlton tho atoll la sauaA with a wire In unsl^n there In pro.iusedi 
(a) a tana 11 a stros# In the v Iro, f 9 » 

(fc) a con? res sire stress In tUe ecncroto, f c * 

In till* doriwutlcn the aarers-'O atros* in tfco a tael and in Mat a one etc is 
used* the stress la the stool mat e^aal tho stress in tftn outers ta to 
maintain o ail ifcrlue, heaeet 

*e ^ A * 

For 1 loan leer* tit of pips ao * t, thon* 
f c s 

» 



a* Sfetn the pres tressed pipe is eufcjooted to internal pros sum 



there is f,r: duce&i 

(a) An iJicroKao in the stool pro* truss 

(SJ A deeraeao in the ecncroto geo compression. 



Hones, for eouillsiriusu 



&c s f* s as + f'« Ao 



d, *XUL 

«• 



anti dc 



f»o 

£0 



But ds • dcj thorn fere f*s * Xlii 

r, m d 0 
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r.h«no# t*n S i'*o At ; out >;« - n 
sc rr 

f* n * fen whl&h L t . > Imrmm la meal siios* necoispJKylap the 
tttoww* In canon* 59 pro eeis.-rass!' n du* to lat '.-ml grosswr*. ..lace 
th* ccaerwl* i* as\.if**& to ne t«»»*U* stress th* limit of f*c io 
tha fsagtn l trade of ta* sonorot# pf»*tr«*B fc, fharafere* 



„ nfc if., 4 fo Ao i ac * t for 1” length 

P * f® A&JLJLJlI 
r 

fo * ffr . 

»ai f t 



S3» ourtoo sfe-.tsi in fin art* i tesea frees art ids *y 2»„ a* Cregps 
In tho A.C.X. yroceodirt;* i lastrat® * sisals means cu ,o#i:n for aoy on* 
particular pipe - *hloh Is mbjtte ted to a v&r. in-; ft,, dros title hot 4* ay 
plotting i»oUi doeljjn equation* on ins a«no sot cf axils a oenvonient *o*i 
rapid *' hk'ilm of tU’j aquations i* snuilatt** *a **&*.,!* to lllaimts 
the ns* of lives® cure#* is «* follows* 



£»ppos* * pretdar® pigs with a no ad of £50 is ;© **# used* 

Jatorin** t. * cum** with £50 g.e.i. and projecting horlstm tally to tu» 
internal carvo# i^sn \or<.ieclly to vn* a*»»l arsa curve* road 

directly %h.:> ar<» a of ®t*ci xcosaaijr par foot of !©»&♦&> of pips* In 
t. la case 0.04 square Inches p<*r foot. 
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Si» nsai 10f*ic.il aba*-. irj lh« a#* ? pt is trass j«ld it« ia tiA 

cows txuotlon of ft itsr t.«lt or a»; v -ui gipo. “Tbo t»i jory of <J»si*ai hora 
pr»sent«l ms ;o on frcs n msMoln gudiiatosd. in tfca A*C. X. publlcnticn 
*3/0’ r which waa written »y AU uo»i*r John h# iiftswn {C .":} VNfc ?*rlsws 
Oihar articles cn Uta sub < 3ftftt ®w studisd In conjunction with tin* dwsi^u 
|nwat«4 in this ifc«si«| tommtxr It ia dut opinion «f the authors that 
L** Qox&* r Br son has gross* ttsd th# asost eons loo and logical d*v dopant 
of %im aoosssary £•»!;?» for rails#* Qaly th* raoat gsrikamt fomulas will 
fa® jrasantsd hero, for is «*or» complete &av«ilog.;.®nt* «nd for sxanplos 
of was of these form 1»* inforonce to hu Comi*r« *i.son*e article or 
ti» design herein ^rasaatad ia snggestoiU 

Consider a rln* of concrete nitfc a band of stool laid an%»ljr 
urotwi its exterior mrtm* Set not stressed* sy ao«a» of » tetmPocklo 
or oUior anchaaic&l device Keep shortening the asai until it is 
stressed to f j, th« initial steal straea* .ho total Initial force* c» 
the steel band w as »• 'Si f ol. Shis force oust* of course, bo in er,ui- 
Utrloa with the force* in the concrata ri» , haslets 

A * f 8 i a A 0 f 0 i or #ol S p f s j l? « || 

dupgoao now that the gr stressed ring Is subjected to an Internal 
h/droe table .m««ur.> of ej par unit of length aad tm radius of t ha ring 
U aj than in® ring ton* vn* r la te oc.Tfcla«d co -crate sal steel sec- 
tion lot 
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* s q lit *h« tonsils *tr «»as daa to rln* t nsion nra* 

for u» o- nareta « ? 

(AO * 

for the stool s aT 

(Ao f b£*J 

whore a • _a 

)-rO • 

Tlo corsainad final a tea a s« a aro* 

for l no sonars t» fc a ~#fsi *■ T 

AC (1 f W) 

tor the aioai fa * fal f«»L 

A* (l f npj 

As aeon Trrxs U 10 above aqattlons tnu Initial oorapr •asl^o 0 trass 
la tbs cotton te wa* reduced anti tt» Initial *tro*K li the a tool won 
ino rasped* for co-wlo to insurance ora Inst cracking th» usual procedure 
Is to consider the «.* bland stw »-n in the sene rote «< uni to g«rc* ia fe- 
ting ih-3 equation for final concrete stress equal to soro and solving 
for the Initial at >el sirs as wo h«va» 

fsi 5 - 2L- , 

As (1 f »Pi 

Sibaa f 3 s 0 the HKl ring tans ion wist fee t m.»n by t m steal* 
banco t * a # t ^ • ®wwtfoi»» for 1 5 * initial stress k*T»t 

fat * — £* — 
i Mp 

l*ni* i®# hensever* fcuaed on the axaoaption that tha concrete* bo«* 
hnvao as a perfectly alas tie material with no aterlnkapo* This aaauc^** 
ti<m Is* of course » falaa aasA a correction to th« Initial stress cost 
b« fealcan Into account d«a to actual shrinks#** f ha stool bends oust 
fee given m actual stress such that* 
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ft! where C 

1 f np 



ehrtnfca.^o ooeffioiont. 

(For derivation of this latter aquation sao "Circular Concrots 
Tank s' l incut *»M*trws3inEr% A.C. I. "B/C n So. 4) • 

l»t. C9«i*r* lhaan Indicu ta* w t, .’roe .U d^pjrlonoo# ho has 
found tso v,.lm of C to bo &p^r»xlswit#ly 0.0502 for (inks iTjovo {,-rcujsi 
level. Ho alas i *.;13 too tJbat l he vaitij of rj fjould So I ini ted to 

spproxl it ly 0*02. 



From the wAxlmmm peraent fags of bund sto*l an sqsatioa for Minimum 
wall iklc/osss* t can i« developed In tanas of ilnfj tension 



it 

I 2 t 



XL£a 

1st 



t * -X- 

12 pf s 



Honoo t - thi minimum wall thickrjsa* that can bo utsd. If tho 
stool stress is toss tout throughout the entire hsijght of wall than iho 

tfcitfmsss t «j at remain constant. By us lay* tho relation t'mt A* * JL. 

fa 

tha area of steel nassas^xy t*t at£ petal la Uta wmII o»; , »a doier~unod. 
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X no ro jvjeont .application of tun u&oiy of prasirjsaiiv* M on* 
that is cosine into p ro’.dnonoa* is the applies lion of th# Uw cry to 
stn> If'it t lin* mi±»ra meh as baa., s t eoluraft*, m a 1 rviers. 

*hn theory applied to tooea oi a~bml&ry om^o.wxitB sa*y bo carriou - 
into tha construction of lar.j* r simatuyos. It h«H» claimed by 
advocates of the theory that »is*n applied to bria-os th*r* result* a 
structure which "iv^a exaellent resistance to the effect of acncoatra- 
ted vhael locd*, Lapaat and vibrations. Lon." span arl ages of thr» sirtplo 
b*hat and cantilever typo can bo designed tilth & relatively saell doptk- 
*£t*n ratio oos&lued with snail deflections {accordin' to Johorarj, 

fha tn*©ry ho re in pro son tod l» fran m article by Her:. -an 

Schoror in the Journal of tho A»«rio.ia oorioret* Institute, As pre- 
viously stated la tn« Ini redaction Ui *re is s. loss in the initial stool 
prastress da* to tn» following causes* 

(1) &hrini**g* of the concrete, 

(£1 Pl*«tio flow of tho c®cr*V*. 

(3) Slttstic deformation of the soaoro to* 

She total ttentg* in tac initial stress in \&n steal iay be givon 
approximately ay ujc foilswis^T "Sfiplrl#Al f omnia* 

Chare* in t n • 16,000 f 16 f 0 U) 

nonaa the final oi’foati vo stool sires, is* 

fg • fso - eitasty* ia fg 
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afflna tlva atara^o c h fca d« i«r.-vr«*4 by t mans . * ^ocaaalt ■» •«; . r kL- 

Uomu l>or this purges* t ho entire or l lu> X pratt ttwsaaA for®# is 
first as s u m e <8 to ®* actin'*, whereby an »f,proxi. -to v«Xua of if© concrete 
proatrosa is obtained* T hn oorraapondlnK atooi aims* reduction Ut than 
4®i«*c&lmd fr >a the abov* aquation* this appaoximtion la then u «4 to 
tfe tala % second approximation for the affootlTo .eostnas forco, -axd 
thi# preeodur® is r«p*at®4 unt U Wo correct l as feae&ot » gllgiblo* 

A darlfhtio* of in® .tosi/pa fonaala® for beam® and £? inters follow®! 

Rotation* 

Uh&n-;a in *m - total a tool a treats reduction* 

» off active concrete stru&s* 

« original stool stress* 

« oririaal atael praatraaa fore®* 

* of foe live oonoroto stress at the c* **e* duo to 
p3P®»traaa force, 2» 

m internal ooraaat# due to praatraaa forca, • 
jj oxtraesa conusrato fiber straws 4^a to greatreaa forca, r* 
® extracts concrete fiber straa fiua to proatr.-cs forca, P* 

« °«l/f.* 

* “"cd/"* 

» fQlp/^cop* Qtra®:’ ratio* 

» atreos ratio* 

* affective aanarat® stjvis® at .ha e.|:**« duo to pro- 
stress force, f* 

2 axtxam flaor A latonaa fron c*i»*a* 

« axtnara fiber diet, nea fro- c.f>0# 
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*o “ / f co£* rvrr r tlo* 
i5 0 “ v <siA I*'- •* so vvit« 

ft s distaste c ■•star • -■vity concrete b* .<-•.« 

tr&l axle* 

A 5 *rsa of tr n*for »4 section* 

A* - *taol ares.* 

-*clr. * ®*» c **** fti«? »tros-5 c;. ■’v? «fca is *xtem.sl m r»nt# g* 

2 <*oncr*%s fiber mmn osmi to p w wn t t « ! * 

2 ccncrato stress ah n '*> at %h» o*r*s* due to external 

•af amt# X# 

^ * stool stmts ciiait'S do* % o live* lead u rc«nt* » 

S t j s station raodulus of fiUar o^* referred to o.c.c* 

a 0 2 ** * 8 ®tion modulus of ftbor cg» referred to c»<>c# 

SI : livs lend nosaont# 



?l*aw & shst-a » bean sec ion s&tft an effeetlv-* #rassr«»* force# a* 
sating at tfte distance, «, fjraa» the a* r#o. vho ft* erase effsotive concrete 

stress Is# 



faop » 



P 



ffiai sooantric application an Uit^rnnl n aauti 

iip s »*> 

'.’it? extra » fib or stresses am# 



4? designs* ls«# 



U) 



(2) 
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£kt filter atnstM nrs U **« <V»tsr*In*d by ••wa.n# of «t rats rati n 



** “ llU * U f 1 . ) 

fcoy »j ' 



(7) 



and. 



to* “ j£Sli 2 ** { 1 *» "*~ 
fcop *2 



m 



Zb* Qmtr*t*i svrosrs a*, i&i 3*g.a« is, 

fee? s fell? - l*elp - JlSL* . j- 3 ) l*) 

C 1 t* g 2 

wliiah after transfer- «U«s "ires, 

fo<&5 • .U .., l»f^ i A Bi l 1 i^i 

la 

or by latrodMslaijr t-is stress ratio, 

iss S i &£2 = UD 

fa op Xo 

tim offosU ,v« *ia«l « trots it, 

fas - JL» 

is 



21» ori ;1. jitly ro^wlrsd stool etr «• o®» now fct uataminsu by tub-, 
atltutipr* ftssp In oquati on (a), 

Cluteffe in fs - *&bp ^ 

Sfca dtsl-asr ir, Rfr- confronted »!«• i<.« e?r, ealte isroblors; Uu&* la, 
the dote r~in.it Ira of C.e effsotiv* stro.-f Cua to U e rol m.®o of t*t« 

orir* irml pro stress fox’s®, .? 0 * alto ho si»ultsm»ous influence of &sod loads* 
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If the dead load raownt* }1 0 • Is saw Her tjum iho cso n tortus ting 
prsstrcss raojesnt* squat leu ( £) * tire role-.so of the pres tress fore© will 
cues .do bo fin to lift off Ms suppertin forras* la thla o s so Uio c >«d 
load acts sl»al vsneously with ths prostrots load end tha stool a trass 
loss Is dstswinsd by the ooroined concrete sties® at tho #«g*c« '.he 
concrete stress* f 0oJ£( > • duo to dead load aercont Is* 

fcoao * Jit l 1 ®) 

MS 

TJio effective stresses are preferably rioter, dned by tha ssotiiod of 
successive approximations# roi* this purpose the fcncun value of J? 0 * In- 
stead of i> le at first suUstl luted la e ustlon (1) * tshioh results in »n 
approdlnato stress f *» derived tmn equation (11)* 2r*is stress Is 
combined with the fives dead loeu stress* equation (13)# •Shn ream tin,: 
sires * substituted In ohm*# of prastroes equation* elves an Appreatlias - 
lion for the total steel stress reductions therefore * correction for 
tho affective jrastross force* 

ffte effective fiber stnteeee ere nor obtainable fra* aquations (7) 
and ( 0 ) by neen* of the final value of y* os substituted in equation ( 1} • 
la the ease of top and bettors retaforc i«& tee corrections should be mde 
stead taneoucly, .itheu. *h tho two pros tress forces can bo treated inde- 
pendently as a first approx l -nation* 

Eh© sires changes duo to live loads mat hcrt be considered* Tin 
stress changes due to live loads mni b sod on tho traasfornod auction* 
asstc&lng that vricat chan tas can *e •ottsidcred as completed. The trans- 
forasd arse* A* is based on the entire cans rets sac U on* 

A s Ac f has (14) 
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•• .U> «M 



I 

*4 mi 



49m >«hm vtji 
rnfi m %i \ m 



► *u| 9*H**+fmmr wtj'ft* ft* > ink* •i«K^i«|| 

li «>t M i > hbmmi m »%mm u Mitt irtun ( wi« 



•*< Ml Ml 







•|i| •* *m-*1*w« ft* * W ai«» IftftJ* Mi h* MP «* lit ftw 







u 



-ft* Itli • M lit 



•I 






till 






M* 4 •» * 4 
• U - 



»ith to Fl’jro 0 tha Xooati n of nmhvul axle U glr n by 

tea t -latloa. 



a * on., a 

A 


U6) 


I • I c f •* A® f (• - a)‘ 5 tu B 
or. 


US) 


1 s Xo !• na\« 


(17) 



%lih o*l s c, • a P.ia sootloa Modulus for tho feottai fiber Imsosm, 



s ’oi - ch 


Uej 


For tea top fibar, with U*g ■ o* ^ a, 

<1* .. a 

^ 02 a ~£tZ 

For tea c. >#• with a* r • * a. 


(195 


S*o s «JL 

o« 


UO) 


T a c aerate strass ehsagts prodaoou fey Urn Hr* load attaint, M, 


tho a a n». 


f, oXn =#5T 
f* c2Bt 

a«c2 

f*NR 2 —U— » 

U*0 


I-X5 



r«nu uo steal « trass oiwtsajp* frraa o nation *■ of® baco <*s* 



«* 16 •» 



fen - » f*ooss* 



» ♦ *i 'U> 



%• I l#t 




fill • i 

♦ 

ftM c « « s 













?h<$ pu ri»o*a or I hi# a crap it tlvo design Is to rrivo at ft . .iu»ure a t 
the relative economy of jasterlftls ro.cirsd far ft streotars doftigraii first, 
by convent! n»l reinforced concrete design procedure and etro nd, by usin’ 
the theories «f p see tressed structures, For the purpose of • n over 11 
economic study such, a eanpurison of designs siicuid, of course, ffike Into 
account % ft© relative costs of fabrication ana the laser »h r ”»s, k de- 
texalnsilen of mass latter factor* is, however, Viyond the scope ef 
this study) hence the comparison will be Sr sod solely upon the quantity 
of aeterlsls required In eooh eeuu, 

**or tho purpose ns outlined above the structure to bo © ottered trill 
be a §00,000 (fell S r circular wetor storage tank* •**»•> comparison will b> 
extended Us the case of the teak cover to include a flat alub cover in 
one esse and s seffcsmtal dirm cover In the other* .'hose type* were 
chosen as bo ng best suited to the Individual tarsi* designs, 

notation 

mm area of concrete station, scan re lnchoa, 

* * area cf steel in tons ion, square inches, 

b m width of reeteaf paler benn, Inc**©#, 

9 « sarin--"; *o aoof f ic lent of cone re to* 

tl r eff active depth, inches, 

D s dUrotor of tank* foot, 

B^ s icodulua of elasticity of aoncrota in coc^roasl n, p«s«l, 

! a « modulus of elasticity of stool, p,s«i« 
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f z iestpiws* lv«o unit stress la ©it rone fiber of concrete* p. s*i* 

f* c » ultimata compressive strr th of concrete* p.n.U- at wo of 

25 days* 

f„ a tensile unit stress In ion ituu Inal reinforcement* p.n.i. 
f * Initial stress In stool* p*s*i* 

t Q j s Initial stress In c aerate* p*s«i* 

H a height of wall* feet* 

% » hoop stress in uom at point 1* kips per foot* 

1 s K»nl of Inertia of horizontal cross soot ion of unk, inch 
units* 

I z aaam% of inortia of rsiafs re sa sn t about neutral axis* Inch 
units. 

^ s ratio of distance *-j twon centroid of oonprosaitn and center 
of g purity of tenailo reinforcement to depth "d"* 
jc * ratio of distance between tko ccMpreealve face of the bean 
end the neutral axis to the depth l, d M * 

U Z csr wat dm to dead and llv© loads* foot pounds* 
n s ratio of modulus of elasticity of stool to that of concrete* 

p s ratio of area of tensile ra inf ora ament to the effective area 

of c Quorate in beams sad slabs* 

9 s rrdiun of sphere* feet* 

a s radius of tank* foot* 

3 s eospreseioa in ad © camber of lan turn openin’ of do *,kips* 

v 

* ri?v: tension in «d o mob or of dcae* kips* 

% s thickness of beam or wall* inches* 
f 5 hoop strass, pounds* 

^1 a rrnriiiannl stress in domo, kips por foot* 

- 10 - 



MirtM «•{<«•« ** *rn ** A » iMfliia • 



*1 u#ui i|« kJOfti • p 

. . , « . • ► *. *•!<:. u • jj| 

4> ««ru /•* • u l 

. • ,/»• w • i 

.'<* . m.M .A Nl«i f» «m» of <*rrtrt «Wi • »« 

i 

* • •# « ?• IM • i. • -'.««• tC ,'i- *9 '% 

i MljU ^ * 

*1WI %• M» *r ]mh \« 9<»ij**la hi mtuim It »#n m * 

amr 9 tmm* >• s « 

<t«m «*m. It mjm t i 

^•ll I* •»*-« tl fr»l<U»4 «>1 • ^4 

U. a^il ^ ^ MMIH iMlilt* • 



• U • 



v s unit Shuar in ccnortito* p.s.U 
V “ total shear* fturrts* 

w * squlv lont wator praesuro, o.nds ner o bio foot* 

s t s co alk l nod dtefcd sod U» load «m doao* fclpG par •<gu*n> foot* 

*1 s wal *ht of a t»* &i#«* 

/; 0 « cuvrle cub tended by axis of do.,w as* ou :e of la tarn openlnr* 
degrees* 

fa * settle sub tes dod b, axis of do xt an- support od^je# decrees* 
A. * tie fleet Inn* ire he a* 



IS 






(1) OlronX&r %a*nr session or, , ■ round surface, 

( 2} ' Her. “bio toil Uesrlns » 3000 psf* 

{3} llo-.rsbl* siross la cirsujsforuutial mix steel - L-,000 F*i* 
(■This low ellcmsAle s trass l« «fto*«a. to pravaat oj&oassivo 
sloogr&tlon of th« stool in ossa tr»o concrete oraa&s) « 

(4) ,jl11c.uhi» 1« stress in &X1 outer atool - 13,000 psl, 

{#) f* - .2)00 yji. 

( 6) I, - 30,000,000 psl, 

(?) 01iLn.Ua c secrete tensile strength «* 250 psl, 

(8) lie «Xra4 tank hat jht (effective) ~ 20 tout* 

(0) As out,© oasa Is fUsad* 

(10J opestfiaail .i st 4,3.1, S1S-11 and As, ?•&)• Opeos, -310, 

(XI) Unit seivh* of concrete - 150 pounds par cubic foot, 

(12) Lho Lead on cover - 25 jssf, 

(IS) ;i:sd pressure - 5/0 x SO jps f of tarUo^ projeeslom, 

.ft, 

(1) dice* tor end effective halrht as ii*C* teak* ws»j soil c - 
dit leas. 

(2) *11 o- c-la stress In pres Ire sshug steal - 2-., 500 pal, prior to 
prestrsesl; •, 

(3) Allswsble atroa.- is r* Infer* lap et^sl - 10,000 pai, 

(4) f* 0 - 3000 pni. 
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m Hi) 

r,#J |.I) 






■0 i mi 



iHM 







HM M •— III 



4 »i^| t-lf* 41 ui 

4«t — i lfc iM •< '•-w* ml*m*LU {•) 









(5) S # - 30,000,000 pal, 

(6) Ultimto coacrato tins lie «inrW*- 2 j0 pal, 

(7) Ar&imj tt&ae Is fixed# 

[Q) Unit wsifrJit of ccnorat*- 100 pr- «#* * cabia foot, 

(2) specif laoUcaai A,C«£* 31§-44 

(10) Siva «c*id on cover- SO psff# 

(11) collar lo*d cr; doaa- 15 fei^n, 

(13) wind stress *• *3/3 x 50 psf of vnrlltf*! pro j sties 
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Jii.ll -.1. 



Tfll. * 500* XX) «• 1. « 54,000 oil. ft* 

lHm$Ur = 04' -O* Jteirbt * *>' 



'TO s '.w. td H '.3U-« fit 11 * 62*5 * £0 » 1.36$ $*s»f. 

r*« urs l f% up fro antes • f»&.3 x 15 s 1167 p.a.f. 

AVe. for 1 ft* m iso j- & (1.250 V 1197} « 1-16 pi f 

r for 1 ft* faction * 1*1# x , 5^ * 30,000* 

#* 

So alio* for shrt«Ka*si ki in# cottars to uisuwti oooffloisnt 
of i&rinfcagtt 0 * 0«;XX)4 

$ » -JR 2 

nioG f f* - foa 

r 

” 10( ',000*000} 1*0004) T 12000 - £50 x 10 

Z 0.0116 

t - JE » M*m * ».*• 

izpt’v 1* X .0116 x 1 ~*Q '>0 

1 * 24” 

JSfc thliXMliS *t tOp a 6 H 



• a* - 


















4 






* u 


















* » 



• « 










«• - ( _ . .. lit 



eenflraio erne « ana *t#*l u.«* oil f io d 

A* * 822&S s 3.88 »tj# in* ,»r ft* ?r Ht* 
12000 

Air Inch of kolghlii 

A# * 8.^5 * 0.~?1 O'i* In. per lrsoh. 

12 

A g tanfe fide » 0*271 » 0#15| 

'> 

«* 

Zry 7 / 8 ** /} 

8fMi»g « OotOl^ • 4.42» WilS 4* 

0.156 

JhavM# « ta.il opaoin.’- at 5 ft. Intervals. 



i.t £ ft. fiOOVO 1(0391 

5 * 68.5 x 15 Xjj| m ZO ooo ? par ft. of Ht. 

2 

i« « i&*P2& * 5.00 aq. in* per ft. 

12*000 

A* « 4*^2 * 0.508 aq. in. per inch. 

12 

For Wq rowa Ag s 0.104 in* fur in. 



For 7/8 / 



Spaaing - e Q*fl Q13 * *#78 us* 5;. incJata 
0.104 

At 10 ft. U'.-Ov'S $&** 

7 *i 6 #*-# x 10 x n fcrO.Ooo * par (ft. of at. 

2 

As « 230-)0 a 1.667 aq* In* por ft. 

12000 

i,g « 0*129 aq* in. per in* 
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t K» 















• Cg*. • 



tfJ 



• UMjA • 
l 

*A III 






t« .A to* I M« t ift.*€S « loi » * 

•n «* «** «a •«* » Adda • ** 



m «* *k 



» ' * ■ 



• ft* 



\«v* 



•II ft *A 



wi 



4 #c • 

HCmi 

wmi •»». .A U 
■ m tL» * : ft •• •» • • 

Aft ***>•' * A| • •- 



for two rox3 la * 0*< .95 In. pur In. 



For 7/0 / 

Spacing 5 J2.»12M = {3.65 U'1’2 to. 

0*0695 

At 15 ft* ftiOVO hO.Mt 

1 a 62*5 x 5 x 64 » 10*000 } 

2 

a_ a lo.ooo « 0*833 to. ?*r ft. 

12*000 

A* a 0*0695 toeJwe par In* 

For tvro rov?a Aft a 0*0343 to* par In* 

For S/0 fi 

IpeoirjfT « 0*31 e 8.9 to. UU §| to. 
0.0348 



«■* 24 ** 



«-« Ml «<■»*. wn 







l* . 









IMU iaflutl* » Hfg 3 * 2590 as 64 

2% 2*30,000,000 

- 0,0326? ft, 

* 0.032 In. 



•.,11c wing: 2" C«vor fox’ «teel, 

*‘q s 2-4 X ** 238 3q. in, 

*ako A 8 * 0,01 i| * 0*01 x ;;bd * 2*8v «<:• in. 
t a 24" 

a 62*0 X £0 * 125U f.s.f* * 104 f/ilt. Of lit. 

1§ * 2,08 x 10 x 10 » 203 inch uail# 

l Q * -1 a 12 X IMP * 9 * 268 * 13,800 f 0 
12 

ia * 16,390 Inch unit# 

Let hj * height sbor>a iusae to which tunllovar action externa** 
'•9 fl "iC wiri* ® 2h^ J ^.P 1 

2 186.8 in. 



8 451,000 In f. 



A* f a * F « 451.000 « 26,400 f 

o.as? x 20 



00 si 

or h A S 124.0 (0.05)4 

hi = 1S.53 ft. 



to! * JUlJLi M§«&i 

3 

fsklos si * 20” 

4 * 0.057 

k a 0*429 




.r - 



— I . • I • N * t t 

. . . • ^ , v » . . # . . = 

% « # 

. * . * ft 

^ *j*> .-•• *ifc. • <i • » a *. -* ) 1 

' . • *•• ■ j- r . • >. 



, 



m * m k • • • j « it* 

< * ji Si ^ • »»» n« 

.*? Ucmi * •,*»•«/ WMi * ,« m 



• I */ is W 9 Vl.+MI ■ Ifi * (9 



9. , . 

AM • | 






I if | - lC.v>00 p.ii.C. 

A ft s 2<H00 * 1.465 m\» irxshca for lft. s .otion. 

1000 0 

Aft * 0*10;, sq. incaas / Ir.ch 
For 7/6 ^ 

0] Jialas: » 0.U013 “'** 4.92 IS , 4. In. 

0.122 

n . l ttLSU £fa Z*ll< 1 *» 

i»oint of o#?* * 0*37 hj 

k 0*37 x 15.33 » 5*73 ft. up fr©r, buss* 

Sxtond reds to 7 ft. above baso 






f<* * — ht k- r . * — ... 

kjbd- 0*429 x 0.657 x 12 x 400 



a 611 p.a.c* i? 59 tt 



M * 1/3 lix 

A_ * V* A al * 0.122 • 0.041 ®q. Inc&ea/ltioh 

3 

for l/2*» In p 

5£>uoLn& * 0*- •■< ** 4.00 Hi. •, *2* 

0.041 

JEW I« 2 TO U} Ft. AVCT:' A. aS« 

Sxtoad ovary fourth rod Ins Ids ^ cmstdo to top for support 
of auroumforontiis.1 steal and to use os tonporoturo steel. 



7 * 1250 x 15.63 * 9700 ♦/Ft. of width. 

V » JL g 9700 - * 47 psU 

b^d 12 x 0.857 x £0 Allewsale * 60 pal 






•> 



•W «# *m 4 4b 


* 



if ISX*6€ 

<±?-*Jkf X l m ^ flL»« r > 





j«v« • .• •• 

» . «irt - u* m « ^ . 



<t* U% Uni^uM 

> «ii»; «.-* ..- v .^ , •■«. 

»• .*»>. -»•• »». a. . a^i . t 






JL2 L~i 



A — ma lar rup-orts at wall c^ntarllno n«. cvmar of Bup^orUi* 

colasta* iJ J2 Dp:« of 53* - O’* 
uRW crc J,iv# lc d a 25 paf 
Xt* of concrete * 150 #/cu* ft* 

Tot si lood * 175 #/ Cu* ft* 



Hoc* lien i> toll » 175 x j|2 x jj at 

2 3 32 

Jk»o*lon Orlum a 175 x 32 x x • WM 

2 3 32 



Jinx law. r.ormnt 0 0*57? L from iSsmll oral* 

ISaot* Moswsot 6 0*1203 L 

S 0*1283 x 175 X x 22 « 11, SCO Ft. # 

2 



YD Tit 0 A* a 'A. 2 -dit 

3#®tie.n of Max* soxont * 0*577 x 33 * 15*5' fro.? arvtll cm* 

TM tfc « lcj*5 X 12 * 6*94" 

32 

# 

5t,?b42 

a 2 * 2^JH*50a,j^,12 

fjJcJte 3.350 X 0.429 x 0,057 x 6*94 

& a 8*95 f ’ U5JJ • 9" 



U53 3* COT»r Total D - 12 1 * 

A, s JL— Z 11*500 x 12 « 0*995 *q* In. 

f^d 10,000 x 0,057 x 9 

LJ laelt * 0*995 a 0*1432 tq* In* 

" 6.94 

ujs v/8" p 

fccacltsg a Q..SQ-1& * 4*2 In* 4*35" 

0*1432 
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!*♦! • J_. * in 4 •/•! a ». ' . I 

»< 

+*» m £ • 1 • Ifc • «TI • Mtr« t «*( 
• '«««■ 

^ 4,4 • s 



« a * To . Cl « - • '.r . . O.. 

*| 5 # * * ; : ^ • f 

*V 



s# 



»*. > '• *J • 'sau HO 

•t • .:• -**.D • o 

'U i . U <! 1*T~V -l td> 



. .X 




„ '• L- “ 



- - 



Chsofc rO/<> spacin' il «U 



Tft.fi a to Lot * « •faaliif wan 
32 x 

** jk&L*Jfc&. * 7*35 lii? 7 

18,5 

B * 1683 * 

▼ *«JL. * !&&— * *01 pri. 

bjd 12 x 0.0*7 x 9 

fchiii. » • liirrii- &ZJ£k* 

3»8.ring ** 1C 83 * 12*4 j?»i. 

e x l* 

tiiu.mr and to irtnc a; aoluna end of cow a* v.lll be Oiiackau after 
dosl^n of eoltssa* 



isLii. 



Aftaurft* 



fcoUa: width S 6* ~ 0* 
Allo*abl# soil soar In.' pie sc ore 
2-opth of fooling ~ 20 i no ho 3* 



1000 p«f* 



is 



Load on top of wall pjr foot of mil « ISdo § 



*T5. of wall per foot 
1ft. Of a:iSW 

Total 

Soli tor.rtn* un<i to uorai load 



* 4Q00f 

• 1490 f 

7355 ?/ft* Of wall 

* 7533 * IdU j?«f 

6 



Total load dua to wator on base 



IT z S2 X 32 X 1-GO = 4,120,000 f 
Aroa of ut so» 

IT x Si X 3 6 » 4070 Oq. ft. 

Boil bearing duo to 'Baton 

4.020.000 = 937 psf 

4070 

Total -oil bj&rinj pr«s»uro at foot of walls 
967 l 1226 * 2213 psf. 

3000 psf allowed. 

Considering thu part of tlio foundation that extends beyond 
th-j wall to act as a canti iovor and toxin mononts about the 
faco of the v.tall wo hav > ~ 

X s 12 X (2213) x G - 63,100 In. lbs. 

a s - _jl_ = — 

fj,jd 16000 x 0.S57 x 17 

A 0 a 0.202 sq. in. pei’ foot 

Uslnn if p Area s 0.20 

Gracing s 0.20 » .99 Ft. 

0.202 

US2 12" Spacing for 1/2" p 

3H3tR CH30; AT R-02 W ,.-lL s 

▼ r 4430 = 25.3 psi 

12 x 0.857 X 17 

Allowublo * 6 q pal. 



SSJk, 



A2w 



I a. 2 — — . s 



ti.?. fr.r 



Assuxaa CO f / sq. ft. 
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*«o* -v*. ,U > - ~4. ■ r c *. 

S 8 r. . iui 

.♦ J' . « 
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^ *<\i An **«. •• «ci **» 









*$M • ^ _jfei£ - * 

* r( 









LO.tu 


!« of O 


no i. 


6-4 


* wooo f /#\. of Ht. 


Tot-1 


Z 20 z 


iOOQ 


* 


40,000 f 


MOO. 


a 40000 


A 10 


•» 


4000,000 



mi 



i * m ( 4 - ) « 

4 '33.313 32 ) 



145,000 



J^u^^-JUL,V.2^A3P. ■*&& 



f 3 jfe * .<3Qt.QaQ._x 3^,33 - 4»1,6 f/FU f *ail 

| 142,500 

fals aA4iUttrt.il lcvsdkvj would cm ananas dimension; of footing* 



r.erf luu rosctioi ox '3olu.u*i - 130,000 f 

native tod wsi^iu 8j 

Capital Z 4630 f 

Drop panel = 3200 # 

Column * 5520 * 

TCV.il 137^0 

Therefore loud on <**s$ sl*2» * 13,200 4- 133,300 

S 201, SO 

For 20" colwsix 

Load on concrete 5 212,000 f fpon AG\ Sosl-n Hm-i book 

?hoo ret leal load on %x® stool * 0 
U3i 3/8* hoops on 12 W Con tors and 
Vortical Stool Z 6 - 5/3 / 
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•44 U »'4f\ 4 4 f*4l 4 *** 1 




tits© of colurai ml no * no % ro v a 1 r ^ a to c rrj lo •-* 

otioaeo to loral **1 Idity actio* la v.'jo l^ortont £- otor. 



?*•> 



nail. .jJL«afa»» 

Uee 10* -O'* !Ua. basso al*b. 

Area st 7S.& #q* ft# 

ft. Of 3a» 73.6 at 1 at 1BQ • U.bOO # 

Soul wt. on ooU a u.eoo * 20i # *ieo » au.oso 

Streon » J, 4 »- «,QV.Q * £.710 p.a.f. 

73.G 






Ja-i jW * 



Aaaarao b* arias : at a ft. froa eat tor of ooloraa. 



gearing area * XI. 2b a.i* In. 

Reaetltxt on ccltraa a 234 # 

y.-arln* praasurs * 254 jc 03.4 pal 

n.sB 



At ft diatanee d * t 
d » 10.0" 



lj frets «d*;a of eelusau Capital b = 1.40'* 



7 



? T * 034 * 71.0 pal. 

l>14 1.45 x 0.657 * 10. & 

Allovvajle a SO pal. 



ixaept for t/fti oantUav^r section of vae base no raw nat ocoors In 
Via bate el?b t i tailnr unlfcra aoUloaeat of »vi soli, i’iiarosforo 
%ho alJb will not it* designed to resist eorwnl. Bosranror# to ns-isae 
tivj settle ont ever toe ontlra area to be uniform mlpiit lead to 




.mts «» Mi* V *a MU 
•n m '•*’ • Mi 
1*tU • lUiiil.K M*> 
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M . _i* «u* .. »> «.«• nil* to «n l* "Him m 













Ld*i. - OrnitM iso* t 



UiTvorous craaklzv? of ths floor o, inn tank# So jpravnnt Uila a 
rolaUvoly t*vln ssl.i* • 111 bo laid* 7hn fl-xlullU of tiw tiiln 
*.lob trill 1*9 stioii that It c**s oonfona to ««y slight difforontial 
ftottl urmit without producin'! cracks# 



(*.«•* dra. In; ror dt ions lane «d stool la a. m slab) 



i iti* f t -.11 cu .. . i . j, ■ ~.r. 



froisuro >t boUoa of mull 
r » w'£ • 62.5 * ~Q * 52 • 40,000 */ n * 

!• sum tar tfcs oca-era to to ?*© z*ro C trass wiian fms. is jmlls 
s JL 88 £Q»QQft- « 1*70 sq. ki./n. 

£y £2,000 

(2oo fig* ii for sfcMl upset**:*) 

Adding 1 foot sit bottom of tijiJt for asset rue lion Joint *n& usln* 

4 bands o 3* spacing, tot'd m.'ior of bands used will ao 41 3/4*> /S* 

mgLU. xXI; ..- ,1 

f.i « J^JkLS*J& &*!m Jt _.._Q* 0UUS » a JrlQ*Q(#.O l .X) 

1 * H9 ' ' 1*14 

m 25,000 pel allowable Initial stosl prngtrtsa* 



Currant ;t »o t las Halts pursentago of stool in binds to of conorst# 
araaj Maco 

t S 1..70 * 7*34’’ fe3 fi ! * 

0,02 x 12 

jfex* pc Ssntag* of stool * 1»7G • .01033 

0 x 12 



J0L- 



S** 4»«f' *, 

,«i 



Since fol * - pfal. 

fol * - *018.30 x 25,000 • 450 pol All cmahlo » ldfiO pal 



Minim stool .e roan tag# at top or wall 

iU^sL™ * 0*00344 rttomfcro 
0 x 12 

foi (Mini * -0O344 * 25,000 « 06 psl. 



Radius to cantor lino of bond* 



Radius « 32 f ^ » « 0 7 J 3 * 3 -. 6 S 2 ft* 

12 

CiitWBsfsrono* s ZUk 32*692 * 204*0 ft* 

1/33 4 bars p w band laigth 51.5* par bar* 

iOtil mraber or bars * 4 s 41 » 144 51*0* &aA 144 turn buckles 



Lcaaiai^ ..^ :jst££gjL 

•Than the b©U«a bands era prsstrussod lo rin?. tension of 

1*76 a 25,000 S 44,000 */yt. 

they will sxart a radial pressure on the wall aru&l to their ring 
tension divided by their mains. 



44*000 

32*49 



1,547 */«. 



This corresponds to a water pressure of 

iai- »7.3 7i-,. 

20 



Using aieasnt coefficient tftelts given in "XCSUJUI »JTSi*0#tS.U13 IN 
3WiN?CKC.,» co ; T> SU", 
gator lag table with* 

}£ * J8l£JSL~ a 9.3d 

»t 44 a 0,407 
P 

And SR 8 r 67*3 x 20 • 838,000 ft* Vft, 



JPolat 

Ooaff* 

fror. 

Teal# 

vm 

Mo-osnt 



0.0H O.llt 
0*0 0.0 
0 



Q.2E 0.3H 0*4H 0.5H 0*6H 0*7H 0*011 0.0H 1.0S 

0*0 — *0002 -.0001 .0004 *0014 .0029 .0047 .0049 0 

—107*6 -55. 6 134*8 184 1560 2030 2640 0 
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mom* mr» ** • ja; • j# « > • »«m » 

M . •<• * - * » •• • » —a -*« *•« 

.nV ' ■ •> 1 • - 

tM* iUw m o «<4 Xi^> am m ammam \ i*i • n«n Uii\«U 

«<Wi * f>.*U f« IHAIVU * >•««! 



•*»\ •• ■ * J '1 




.r>\ ••" ' V a • r" .... r |,| 



-•-. :?./ t-. .* .»• Khif ••:.*. e>.t . «.0 ,.v« •/>.* k 

c •. ^o. , — «c „ *- , *'. 

*ft »49 

Oft 

. - •- « fcn 






0#© Mowrnt cunr© jrig, 3* ( ttpporuUA) 

Pres* ^awnt dl %;r i orys. saocmt to, 
d<>&0 ft* 9 Vv 17*0* fro js top. 

Vort tool stool nacassury to losisfc laonont 

fa ' 



J&2&JU& - .3*4 sq* in./fjj* 

lUJwO X Q.L&7 x e 



fsjd 

us:-; i/a tf /5 & ?■ opaeiac. 

Coaprosslva e one rot© at mss dti* to srcwit* 




Allowaal# - 2fi 0 .s.l. 






Load on top of '.sail par ft. 


s 


1590* 


ftt. of wall par ft* 


a 


2100* 


AOftuaad depth of footing 12* «rt. 


z 


G00 f 


Total 




~4290?- 



Ascucua width. of footing s 4* -0 n 

SOU Soaring » 43Q * X07i p»»*f* 

4 

fatal lead duo to vraior * 4, 03'- *000 
Arcs a of uaso 3420 nq* ft* 

Sell baarinr duo to vratar 2 r 4»0*0.*Q9 ff a 117J p.s.f. 

3453C 

Total soil bos* ring • 1071 f 1175 * %M6 p.o.f. 

Allowable 3000 £*s*f. 

Using ®- footing soqtlou as » Jaw. la drav.iag of proatrossod tunic 
critical aonsnt will occur In motion tNftrteod (a) 
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•r>* » cm% 

«4a^ IUki M >aln#f 

ti k tilia • A t • 4# 

TT^lCrrSw iw 

•«i»n i * \ **M an 













tU.ji 
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,4% »« AIM 9% 4? 



|t|M\ 9* ***** H 

•i iV f 



• mo*-** ~ <*a* *mmk 
4*1 XtOI • Mk , • iU# 

W|SM • mmVi ^ Ul bw 

•ft •grfui «4« !• MU 

4«M «tii 9 a «4 *f u»»m» am* 

Mtt • mu 4 tvoi » «»«•* :<*<. «^««9 



i»l n Hi u«l* m mti9— 




Mattnt at point (a) 



a a 3690 x 4 » 14,760 la.* 

Circle for fo. 

fo * AJLMtdSSL ... * ** P»l 

0*429 a 0*^7 x 10 x 10 x 12 



V 4 



a U 



18,000 x #657 x 10 



Allowable £ 250 pal. 

S *096 «q. lu*^ft. 



Us In- 1/flf 0 A«a 0,20 

QpMtne « iblS « 2* 09 ft# U3-5 12" 
•006 



(UmOk i-hmr at crttia-al unotlon. 



7 s L. • - »«.f> S*l 

*^d 12 x 0.257 x 10 



iStmmt £ 499,000 ft# f (tivn previous Aeaiga} 
_ ( 4 41 

i » jr era?? - ^nr } = 47,200 ft, nu* 

4 



t * 400.00Q x ; :.2.S7 
47*200 



zn *y 

'ft. of sail 



total soil MNtfiifcg £ 2523 p.a.f. 

Sfriraforo artno straaa tioae n«t oaai\jo uluiaicn® of footing. 
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<*| MUM #* IMI 

'** **«•( • ff VMC • • 

* • • ff nrrsTv-Wa* * - 
•"V - ""** * TO^rat* t^‘ * 

P«« MRU * H\I y*l*w 
-PI TW *1% CM • *441 • 



«M<|»K Idtimi m Ufti aatf 
















im£*r to Wianxrt 4 for £au»r«l lafcrtMtiou. 



Prvliuo of 

r 2 s 32..o2 f [r - 6)^ 

3P £ &?*8 ft* 



Atmao 5 M ihisfeossst 

wi c 0.0S25 f 0*030 * 0.0925 kipa/sq. ft. 

Sin. po S * 0.0442* Cos p 0 « 0.996 

tin pi a 54 * 0.472* altt 2 ft * 0.222 

67.0 

CCS * 0.802 

pi * 2S n 



,1 a sir* 07.0 a 67.8 * 0,0929 (0.995 - e. 882 ) 

£ **80 kip®. 

VI - raftQ * 3.S9 kips/ ft. 

2 S' ■’■7,8 x 0, - J 

56,5 p.o.l. 

5 x 12 

’ £ - 1.39 f 0.0925 x $7.0 x 0.882 * 2.11 kips/ ft. 

a 25.2 p.a.i. 

Cl a x 9 . iii Z • 98.5 kips, rl»e Vrar Ion In <wi«» wAn 
Z trx 0.471 



Do 



fT~x 0,0448 



53.7 Eips 3Cu:f,r«s»X»n la 06 •» ssasnier 

of lmtsm. 



Soaring on «U a ga> «000 x £ 16.6 p.s.l. 

201^5 x U x'o 

Allovculo a 750 p. 0 , 1 * tn tearing. 



37 



««*!•• < .W 



vO I | 



• A 



•• • ul J# M* v4 

0 v4**U 4 L • M I S 

i , 
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a ^ a. :* }+t> • ^ • ,* •#<* 

cr 



* ,L • • ** 

** • * 

Tt 



«Ht* « 3 




. . Vt.i" 4!. „ f.- . .. . <. 4 T.i . - 







• • * ac* * • • ' 



ft - 



uas fi - X’" j*. 



liin * trasioe # 93«S ' a * Mj& z 4.73 «q. In. 

JJioar on S* fUCUenj f * I MkIM. — 31 23.6 ij.a.i* 

201 .3 L. x 3 

flBeperaV*!* stcwl - Urns 1/4" / 12" to tii tx.yo# 

. Efu? .na. iv. 

Coras r**sic» in oic'-j aasfeor * 53»7 x i pat 

Allowable oti ccs oo.ro 6®- * il*80 p.n.i. 

A « JbJQSt - 39.3 *q. In. 

13§0 

X?»# 0*’ x 7" collar. 
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1* previously stated tk* coapnrlecn of the ..aruonndiag dosif^R* will 
b« based solely upon the quantity of a&tarialn and cots® ruts) usau 

in wioh «Wi at? attempt tain# cu«A» to evaluates f b riant Ion costs and 
labor ohkinoo due to ti» eroigr variable cm tmfcn own fnators affecting ti* 

latter oasis* 

f 

Sho total qnmt 1 ty of ststl rods rofsiroA In th» o&sa of tha rein-* 
forced 00 norote *a»fc is 6 * 1 , 27 ? poems, and She as responding total voltrw 
of cons rota is 446 cable yorflo* In ifao «*«« of inn prvstreaood ccnoroto 
tank the total mmtlty of a tool rods re aired In 27,734 panada stid id* 
toted voliu® of eononitG is 2 US swale yards* 



For th..*s® f %***■«* tte 41 fforowoo in quantity of marl4# and the 
per cent savin-’ 'rlnod by asiar p*JStr»ss«& coats true felon a» as follows s 





** " w •* 

*2*£fcja*»fiai 


jm,y»satoai.5.^3B 


.gUL.feypndft 


luagteg 


Cetel dieel 


S£,a77p 


£7,734# 


54,543# 


S5*3J5 


fatal concrete 


446 tax* yd* 


315 cu. yd* 


ISO cil* yd* 


20*6$ 



i’hssa figures Include toe sAAitional saving gained by nalar tho dom 
cover with the proetrossad construction in proforones to tfe* fist slab 
cover of the reinforced concrete* sonctructirm* •-ho quantities of ahteriale 
roquirad for covers s lew {but IsiMkv to* obiter supporting col- 

taai in to® «a«» of tm flat slab) are* 



7oul 5 tool 



&Jes}& m 

17,910 § 

73 cu* yd* 



fetal concrete* 



19,0*0 § 
liS ©a* yd, 



1,110 # 

51 su* yd* 



i.' 4 £ 

GO* 5 £ 












































fit 











f te 







# % V Ctt.4 • MM 



— rt 




iJurri* min 



8 



cost {il i - k aj t. i»8 : '-i - hi, 



qua&iliy o. *.t*riut la >v *Ji s •*■> . .u i -•*». • trujt o«* v 

of tri' r^i tiv j oaof.o.^ of swUri-A* for m > »o V/SJ ^ sfr-* t-- •:- 
lion* YJwso flUrura* ora* 






,< sM 

•*,£?? f 49*644 ® 



Sot&i Conoraw* 446 ca* ydt. 



39' & cu* /d# 



kM£isxm. 

36,63?: f 4 *.>,t 

SO ou. yd* ll.iJyi 
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in iratisotlarc of t',<* a T.*in*'as tc fc» . iioad ay unlnr preotrassad 
oersarata c* at metier *is*a 3i$r tho ffratrsn r#jpr‘>s*’n lapr t:«e i*y 

of m^rWlB ratsiLfad fsur tki* type of aaastrustlOB ccagarid to 'c# 
oasniity JWKjuir S for wswnik- sol cons trestles* It Ik w U«4 th»*t 
& eetig orison rad© *ololy on this feasts Is net Indies, lisa of tha ovarii 
costa in «tc*n o«»»* feut a ce*pi«te* study of thti suttar is 'uayaatl tha 
aeo^a of this -.haul* ait <©tu»l constsuotlon coats ora not mraUnfela to 
tha rather .?» 

On tb« ct^or hand, fefea ft juum graaorfcad for «ttss? , *d9e» dc mt ravs; 1 
all of tfea aaTajita*>->» ,:si a9d V using gr rtrasaad ©owatrretion in -this 
cost* For ti.rt graatr.: sood ten* craofcios'maoc is esasarawtaad and t la 
eualltgr i« t of ooum* of grinaaiy ieaportaaca la & groom r© T9*»l# to 
© feta in & cony rsfela dagroo of aaesarti*? in tfeia rssgaoi in tao omm* of 
tr» ra inf eroad oaaairafea mac is mm cowidared odvlat&Xt to raifcisa the 
ailc*»fei© tano&l* eijaoa i» tha oi*©««rar^ti&l ofcasl t# l£»300 
or afeoat 6? par coat of tu» ©wool v-alsaa for mlrJC^marntm Toar 

th* oorr.»spsadir^ steal in tl» prostrossod torife it ms possible to 
util Isa Kms foil aaians&l* stress* hJ^har strength steal I a ini; t*ad oaenacs* 
iarlly In this caoo* 

it should also ’as go in tod out feist U» lira or u;al nai.^t of the. 

•ferae tare aaa hanoa t&a ltw aoil feaarins greaKarsa (for ilia aaoa elaa 
fooling!*) »4/^»t ho too cai trellis*? fit -tor in a location of lo© soil 
hoaj*inr*« 
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fto fre* b-s« wMai* is vf#il m 1 ted t* w«« k ;r*s-r3«»®<i aim.m%rz>3\lv* 
oStUtoa tho neoosslv of prwW lap for monos* in tv elrotrsfar'anUal 
foeilrv at "its %»*• of tie viU« 

Ttmoe factors ««ia* i» so,® o&»93 f £0<.r.t«;r-»'>} Iv-„oe ifco atidlUo .,11 
cost of aeraUrnotlw for a $r» stressed tan, a timt lead teovs waiHy 
to im f tears# **r«s atexi for os^rison* 

in t*» jjowaa of d#*5/jn of ttv> preotresood ; safe tr» .*Uho:n a 
atsonptsd. to 4®sirrn a fl -t slab aovar as in* orostroMWd bom tsvs&jy b»? 
this m found to so i**p*astiasi fson « ostestroetlori avna4jv>int as® to 
the m<&ivorm* of *t dormant «?oro«t%:o of stool ttromhoat tm esvor to 
■'ftlalaUi oooncar? of iMi|B* tho difflsaXip caooaatoroft lat oarryins oat 
this rjrplwooot would &*mm\ issolf in th*j fabrication eta, a* it 
appoo.ro to bo taproot lc*l in oat off any of taa rods at tlu» interior 
of the span of that si*** to oao&cr tfceao rod# at Interior point* 

■ n4 to apply tbs osceooaty faroo for prsstrooBto: oitutr before or aftor 
•ruing of tao cacorsta* rurthor study of u4s sufe^oot *111 bo rs wired 
to 4«riao a, ratans of overdo tl*»* tboao 41 fn cel tl«t to order that tt«* 
pjoai’-roslir theories my few oppllsd to nahbors ’-.isoso cross soot ion <4 
-varies with lwrvtdfc* 
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